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Novi okvir za procjenu utjecaja rijecnog sedimenta v

Water contaminated with fine sediment can be a primary
risk to human and ecological health. Sediment impacts are,
however, complex and difficult to assess in environmental
and social impact assessments, especially where timescales
are short. We outline a new process-based framework - Flu-
vial Sediment Impact Assessment (FSIA) - designed to an-
ticipate and address sediment pollution problems in rivers
which may result from development projects. We establish
three general principles, six methodological steps, and sever-
al technical approaches that underpin the framework.

Advantages of the framework are that: it is pro-
cess-based; it explicitly recognises sediment dynamics; it in-
cludes explicit reference to ecological receptors; it capitalises
on well-established biomonitoring protocols; it encourages
multi-disciplinary involvement; and it is based on substantial
experience of major development projects. The new frame-
work offers significant potential for more rigorous assess-
ment of fluvial sediment conditions, before, during and after
development activity, such as oil and gas pipeline crossings.

Keywords: fine sediment, fluvial sediment impact assessment,
biomonitoring, agroecology, hidrology

studijama utjecaja na okolis

Voda oneciséena finim sedimentom moze biti velika opa-
snost za zdravlje ljudi i okolis. No u studijama utjecaja na
okoli$ i stanovnistvo komplicirano je i tesko procijeniti utje-
caje sedimenta, osobito kad je rijec o kratkim razdobljima. U
radu se opisuje novi procesni okvir - procjena utjecaja rije¢nih
sedimenata, Fluvial Sediment Impact Assessment (FSIA) -
osmisljen za predvidanje i analizu problema onecis¢enja ri-
jeénim sedimentima koji potjecu od gradevinskih projekata.
Postavljaju se tri opéa nacela, Sest metodoloskih koraka i ne-
koliko tehnickih pristupa na kojima se okvir temelji.

Prednosti su okvira sljedece: temelji se na procesima, izti-
¢ito se oslanja na dinamiku sedimenta, ukljucuje eksplicitne
referencije za ekoloske receptore, sluzi se opéeprihvacenim
protokolima bionadzora, potice multidisciplinaran pristup
te se zasniva na bogatom iskustvu u velikim gradevinskim
projektima. Novi okvir nudi velik potencijal stroZe procjene
stanja rije¢nog sedimenta prije, tijekom i nakon gradevinske
aktivnosti, primjerice polaganja naftnih i plinskih cjevovoda
u rijeke.

Kljuéne rijeci: fini sedimenti, procjena utjecaja rije¢nih
sedimenata, bionadzor, agroekologija, hidrologija

*This paper was presented on one of the recent meetings (2012-2014) of the Commission for Water Sustainability of the International Geographical
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1. Infroduction

1.1 Importance of the problem

Contaminated water is often seen as the world's
main health risk. Suspended sediment is an integral
part of the functioning of fluvial systems, and in-
deed may be found in high concentrations even in
near-pristine rivers (e.g. Lawler and Brown,1992;
Old et al., 2005; Grove et al., 2015), but it can be a
problematic water pollutant because of associated
contaminants (e.g. Meybeck et al., 2007; Weber et
al., 2008; Wetzel et al., 2013); turbidity increases
which reduce light reception (Fig. 1A) for ecosys-
tems (Julian et al., 2008), and affect predator-prey
interactions (Bilotta and Brazier, 2008); smothering
and abrasion of organisms (Jones et al., 2012a, b);
and deposition-driven reduction of oxygen supplies
for eggs in redds (Sear et al., 2014). Indeed, in the

1. Uvod

1. 1. Vaznost problema

Onediséena voda Cesto se smatra glavnom svjet-
skom opasnoséu za zdravlje. Suspendirani sediment
integralni je dio djelatnih rije¢nih sustava, a u velikim
se koncentracijama mozZe naéi i u gotovo nedirnutim
rijekama (Lawler i Brown, 1992; Old i dr., 2005; Gro-
ve idr.,2015). No zbog s njim povezanih kontaminata
moze biti rije¢ o problematiénom oneciséivacu vode
(Meybeck i dr., 2007; Weber i dr., 2008; Wetzel i dr.,
2013) jer poveéano zamuéivanje koje smanjuje do-
tok svjetlosti (sl. 1A) u ekosustav (Julian i dr., 2008)
utjeCe na interakcije grabezljivaca i plijena (Bilotta i
Brazier, 2008), gudenje i ozljedivanje organizama (Jo-
nes i dr., 2012a, 2012b), a taloZenjem je uzrokovano i
smanjivanje zalihe kisika za jaja u gnijezdima mrijesta

(Sear i dr., 2014). Doista, kad je rijec o kakvoéi vode, u

Fig. 1A Highly furbid water at an
Environment Agency river flow
gauging stafion on the lowland
River Alne, central England.

SI. TA. Vrlo zamucen tok na
mjernoj postaji Agencije za okolis
U nizinskom podrucju rigke Alne u
srediSnjoj Engleskoj.

USA suspended sediment is the primary cause of
water quality violations (Gray and Gartner, 2009).
However, sediment impacts are complex and dif-
ficult to assess. This is especially true for short-term
studies such as those within Environmental Impact
Assessments (EIAs), Environmental and Social
Impact Assessments (ESIAs) and Strategic Envi-

ronmental Assessment (SEA), which cover a large
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SAD-u je suspendirani sediment glavni uzrok krienja
zakona (Gray i Gartner, 2009).

No utjecaj sedimenata kompliciran je i tesko ga je
procijeniti. To se osobito odnosi na kratkorocna istra-
Zivanja poput onih koja procjenjuju utjecaj na okolis
(Environmental Impact Assessments, EIA), utjecaj na
okolis i drustvo (Environmental and Social Impact As-
sessments, ESIA) te odrzivi utjecaj na okolis (Szrate-



Fig. 1B Using a hand-held portable Hach turbidity meter and other water quality sensors, in a turbid Azerbai-
jan river at a crossing site for a major international pipeline. Such one-off ‘snapshot” turbidity measurements
are vital at the early field reconnaissance stages of Environmental and Social Impact Assessments.

SI. 1B. Uporaba ru¢noga prenosivog Hachova mieraca zamucenosti i drugih senzora za odredivanje
kakvoce vode u zamucenoj azerbajdzanskoj riieci na mjestu polaganja velikog naftovoda. Takva zasebna
“lednokratna” mjerenja zamucéenosti vazna su u ranim izvidackim fazama procjena utjecaja na okoli§ i

drustvo(ESIA).

range of environmental areas (Lawler, 2004; Lawler,
2005a; Anifowose et al., 2011, 2012, 2014). In such
investigations, key sediment issues are complex and
include: dynamic variations in suspended sediment
concentration (SSC) which are missed by “one-oft”
or infrequent water sampling strategies; spatial vari-
ability in SSC across the river cross-section, and in
the downstream dimension, which control impacts
and suspended sediment flux rates; and thresholds
in the system above which impacts on ecosystems
and communities escalate. These problems are es-
pecially important when assessing the likely impact
on water resource quality of development activities,
such as pipeline river crossings.

1.2 Aims

'The aims of this paper therefore to address these
research and environmental management gaps. The
component objectives are to:

A.Examine sediment impacts on riverine ecology,
especially fish and invertebrates, and demonstrate
application of a new biomonitoring tool

gic Environmental Assessment, SEA), pokrivajuéi sirok
raspon ekologkih podrugja (Lawler, 2004, 2005a; Ani-
fowose i dr., 2011, 2012, 2014). U takvim istrazivanji-
ma glavna su pitanja u vezi sa sedimentima slozena i
ukljucuju dinamicke promjene u koncentraciji suspen-
diranog sedimenta (suspended sediment concentration,
SSC) koje se ne zamjecuju jednim ili slabo ucestalim
uzimanjem uzoraka, prostornu varijabilnost SSC-a
preko cijelog presjeka rijeke te pragovi koncentracije
iznad kojih se utjecaji na ekosustave i zajednice naglo
povecavaju. Ta su pitanja osobito vazna pri procjeni
vierojatnog utjecaja gradevinskih radova, primjerice
polaganja cjevovoda u rijeku, na kakvoéu vodnih re-
sursa.

1. 2. Ciljevi

Cilj je ovog rada otkrivanje nedostataka u
istrazivanjima okoliSa i upravljanju njime. To
ukljucuje:

A. Proucavanje utjecaja sedimenta na rije¢nu ekolo-
giju, osobito ribe i beskraljesnjake te prikaz pri-
mjene novog alata za bionadzor
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B. Analyse high-resolution river suspended sediment
transport dynamics, using new example datasets
from different urban and rural riverine environ-
ments

C. Present novel data on sediment source dynamics,
using river bank erosion as a key fluvial sediment
contributor

D. Discuss sediment pollution impacts of major pipe-
line river crossings, based on our work in the UK,
Russia and the Former Soviet Union Propose an
initial framework for Fluvial Sediment Impact As-
sessment (FSIA) which incorporates future water
quality appraisals, especially within EIAs, ESIAs
and SEAs (Lawler et al., 1996; Lawler, 2003), and

to serve as an input into newer policy initiatives.

We argue that a new framework is needed, in-
cluding for ESIAs, which is based on realistic
understandings of fine sediment dynamics, which
are supported by high-frequency monitoring and
detailed datasets on SSC variations and hysteretic
responses. These reveal much more about system
operation than averages or long-term values alone,
which are typically relied upon in many Environ-
mental and Social Impact Assessments.

2, Fine sediment impacts and ecological
implications

Elevated concentrations of fine sediment carried
in suspension or accumulated in river beds can exert
a number of direct and indirect negative impacts on
stream biota. Among these are impacts associated
with contaminants attached to fine particles, such
as nutrients, heavy metals and Persistent Organic
Pollutants (POPs), which are not considered in de-
tail here. Ecological responses to physical aspects
of sediment pollution have been documented at all
trophic levels, from primary producers to top pred-
ators.

Plants are predominantly impacted by reduced
levels of Photosynthetically Active Radiation
(PAR) due to light attenuation by suspended parti-
cles (Julian et al., 2008) and the smothering effects

B. Analizu dinamike suspendiranog sedimenta u
rijeci novim primjerima iz razli¢itih gradskih i
seoskih rije¢nih okolisa

C. Predstavljanje novih podataka o dinamici izvora
sedimenata naglasavajuéi eroziju rije¢ne obale
kao glavni izvor rije¢nog sedimenta

D.Raspravu o utjecaju onedi¢enja sedimentom
velikih cjevovoda polozenih u rijeke te temelje-
no na iskustvu autord ovog rada u Ujedinjenom
Kraljevstvu, Rusiji i bivSemu Sovjetskom Save-
zu iznoSenje okvira procjene utjecaja rije¢nog
sedimenta (Fluvial Sediment Impact Assessment,
FSIA) koja ukljucuje buduée procjene kakvo-
ée vode, osobito u odnosu na EIA-e, ESIA-e i
SEA-e (Lawler i dr., 1996; Lawler, 2003).

U radu se pokusava dokazati da je potreban nov
okvir, ukljucujuéi i onaj za ESIA-u, utemeljen na
razumijevanju dinamike finih sedimenata, podrzan
estim nadzorom i podrobnim podacima o kretanju
SSC-a i histeretskim reakcijama.” Oni nam o su-
stavu otkrivaju mnogo vise od prosje¢nih ili samo
dugoro¢nih podataka koji su obi¢no temelj studija
utjecaja na okolis ili drustvo.

2. Utjecqj finih sedimenata i ekoloske
posljedice

Povecane koncentracije finih sedimenata koji se
prenose u suspenziji ili su nataloZeni u rije¢nom ko-
ritu na mnogo izravnih i neizravnih nacina negativno
utjecu na Zivot u vodotoku. Medu njima su utjecaji
povezani s oneciS¢ivacima ucvrséenim za sitne Cesti-
ce, primjerice hranivima, teskim metalima i posto-
janim organskim onecis¢ivacima (Persistent Organic
Pollutant, POP), kojima se ovaj rad neée podrobno
baviti. Ekoloske reakcije na fizikalne oblike onecisée-
nja sedimentima dokumentirane su na svim trofi¢-
kim razinama, od primarnih proizvodaca do vrhov-
nih grabezljivaca.

Na biljke najve¢im dijelom utjecu smanjene razi-
ne fotosintetski aktivnog zracenja (Photosynthetically
Active Radiation, PAR), §to je posljedica smanjene
koli¢ine svjetlosti zbog suspendiranih &estica (Julian

* Histeretska reakcija (pridjev od gré. hysteréo §to znadi kasniti, zaostajati) - Reakcija sustava koja ne ovisi samo o magnitudi sadasnjeg vanjskog utjecaja
vec i o prethodnom stanju sustava. (objasnjenje engleskog pojma na hrvatskom)

10



of deposited sediments, among other factors (Jones
et al., 2012a). Fish and invertebrate consumers are
affected, in turn, by reduced resources, in addition
to direct impacts associated with gill abrasion, stress
and increased susceptibility to disease (Reid et al.,
2003; Jones et al., 2012b). Turbidity alters preda-
tor-prey interactions in complex ways, increasing
prey susceptibility to predation and reducing reac-
tion distances for predators depending on the spe-
cies involved (Bilotta and Brazier, 2008; Jones et al.,
2012b). The combined severity of ill effects (SEV)
suffered by fish have been studied for a number of
species (Newcombe and Jensen, 1996) and depend
on the characteristics of pollution events described
by Concentration-Duration-Frequency (CDF)
curves (Schwartz et al., 2008). The suspended sed-
iment concentration (SSC) limit of 25 mg 1" set
by the EC Freshwater Fish Directive, therefore, has
“limitationsand” should be replaced by a dynam-
ic limit reflecting the complexity of the sediment
problem and the need to consider rivers and gla-
cioi-fluvial systems with naturally high suspended
sediment concentrations and loads (e.g. Old et al.,
2005; Bilotta et al., 2012; Grove et al., 2015; Law-
ler, 2015).

Some riverine species have evolved to with-
stand temporarily elevated SSC as part of a qua-
si-predictable annual sediment regime (Grove et
al., 2015). They are less well adapted, however, to
sudden high magnitude sediment pollution events
that are often associated with episodes of very low
dissolved oxygen due to the high oxygen demand
of fine sediment (Alonso et al., 1996). Oxygen is
also a key factor in the classic model of fine sedi-
ment pollution, known as “colmation”. Colmation
describes the process leading to clogging of river
beds with fine sediments due to gravitational set-
tling, advection and further infiltration deep into
the bed matrix (Boano et al., 2014; Lawler et al.,
2009). This limits oxygen supply to salmonid eggs
and restricts the hyporheic flow that is crucial for
processing contaminants and flushing out waste
products (Greig et al., 2005,2007; Sear et al., 2014).
It also limits the emergence of recently hatched fry
by creating a seal (Sear et al., 2008). Aquatic mac-
roinvertebrates are affected by similar processes and
for this reason European authorities have begun
to use indices to describe the sediment sensitivity

i dr., 2008) i, uz ostale ¢imbenike, zagusujuceg dje-
lovanja nataloZenih sedimenata (Jones i dr., 2012a).
Osim izravnim utjecajem povezanim s abrazijom
skrga, stresom i povecanim rizikom od obolijevanja

¢enim resursima (Reid i dr., 2003; Jones i dr., 2012b).
Zamucéenost na sloZene nacine mijenja interakcije lo-
vaca i plijena povecavajuéi ugrozenost plijena i sma-
njujudi udaljenosti potrebne za reakciju grabezljivaca
ovisno o ukljucenim vrstama (Bilotta i Brazier, 2008;
Jones i dr., 2012b). Ozbiljnost kombiniranih negativ-
nih uéinaka (severity of ill effects, SEV)) na ribe istra-
Zena je za brojne vrste (Newcombe i Jensen, 1996), a
ovisi o znaCajkama onecis¢enja opisanih krivuljama
koncentracije, trajanja i ulestalosti (concentration-du-
ration-frequency, CDF) (Schwartz i dr., 2008). Gra-
nica koncentracije suspendiranog sedimenta (SSC)
od 25 mg 1" koju je postavila ,Direktiva o kakvoci
vode za slatkovodne ribe” Europske Unije ima dva
ogranicenja i valjalo bi je zamijeniti dinamic¢kom gra-
nicom koja odrazava slozZenost problema sedimenta
te bi trebalo uzeti u obzir rijeke i ledenjacko-rije¢ne
sustave s prirodno velikim koncentracijama i opte-
re¢enjem suspendiranog sedimenta (Old i dr., 2005;
Bilotta i dr., 2012; Grove i dr., 2015; Lawler, 2015).

Neke rijecne vrste evoluirale su tako da mogu iz-
drzati privremeno povisen SSC kao dio kvazipred-
vidljivoga godisnjeg sedimentnog rezima (Grove i
dr., 2015). No manji je broj dobro prilagoden izne-
nadnim velikim oneci§éenjima sedimentom, Cesto
povezanim s epizodama vrlo male koli¢ine otoplje-
noga kisika zbog velike potrebe za kisikom finog se-
dimenta (Alonso i dr., 1996). Kisik je takoder najvaz-
niji ¢imbenik u klasicnome modelu oneciséenja finim
sedimentom, tzv. kolmacijom. Kolmacija opisuje
proces koji vodi zatrpavanju rije¢nih korita finim se-
dimentima uzrokovan gravitacijskim talozenjem, ad-
vekcijom i daljnjom infiltracijom duboko u osnovicu
korita (Boano i dr., 2014; Lawler i dr., 2009). Tako se
ogranicava dotok kisika za jaja salmonida i hiporei¢-
ni dio toka, klju¢an za procesuiranje i ispiranje one-
Ciscivaca (Greig i dr., 2005, 2007; Sear i dr., 2014).
Stvaranje ¢epova takoder ogranicava izlazak riblje
mladi (Sear i dr., 2008). Sli¢ni procesi djeluju na vo-
dene makrobeskraljesnjake pa su zbog toga europske
vlasti pocele upotrebljavati pokazatelje za opisivanje

(Extence i dr., 2013). Ovisno o profilu i kapacitetu
1

D. M. Lawler,
M. A. Wilkes

Towards Improved
Fluvial Sediment
Impact Assessment
(FSIA) approaches
within Environ-
mental Impact
Assessments

Novi okvir za
procjenu utjecaja
rije¢nog sedimenta
u studijama utjecaja
na okolis



HRVATSKI
GEOGRAFSKI
GLASNIK
77/2,7-31(2015.)

of invertebrate communities (e.g. Extence et al.,
2013). Certain sites will be more susceptible than
others to clogging depending on the river’s capacity
to transport material, which is reflected in local and
upstream distributions of stream power (Barker et
al., 2009; Bizzi and Lerner, 2012, 2015).

Particle size is an important determinant of like-
ly ecological impacts. Coarser fractions of the sus-
pended sediment load are more likely to be depos-
ited, increasing the erodibility of macrophyte beds
(Jones et al., 2012a) and clogging redds (Greig et
al., 2005), whereas finer particles (< 2 pm) are more
likely to affect the respiratory organs and feeding
apparatus of fish and invertebrates (Bilotta and
Brazier, 2008). Clay-sized (<4 pm) particles can be
trapped by periphyton, reducing its attractiveness
to grazing organisms (Graham, 1990). Particle size
has also been implicated in the smothering of in-
vertebrates. In particular, the ability of some taxa to
excavate themselves from fine sediment deposits is
significantly affected by particle size (Wood et al.,
2005).

3. River sediment transport dynamics:
the “Sediment Transience” issue.

“Snapshot’river water sampling or one-off turbi-
dimetric measurements, as in Figure 1B, can be very
useful to determine instantaneous values for turbid-
ity or SSC, especially on reconnaissance fieldwork.
However, there is a key sediment transience issue
to fully recognise too. Turbidity and SSC values
vary strongly over time — often over many orders
of magnitude (e.g. Walling, 1992; Old et al., 2005).
Particulate concentrations, even at a single site, vary
non-linearly with river flow levels, upstream sedi-
ment-source release and catchment processes ), and
antecedent conditions. One-off values, therefore,
will almost never be representative, and they often
form substantial underestimates of “true” fluvial
sediment transport rates.

Importantly, in development-impact assessment
terms, such low-flow sediment reconnaissance
sampling may create the impression that the river
system is “clean” and possesses resilience (or “head-
room”) to accept further fine sediment inputs as a

12

rijeke neki su lokaliteti osjetljiviji na zaCepljivanje, $to
se odrazava na lokalnu i uzvodnu raspodjelu snage

toka (Barker i dr., 2009; Bizzi i Lerner, 2012, 2015).

Vazna odrednica moguc¢ih ekoloskih utjecaja
veli¢ina je Cestica sedimenta. Za grublje frakcije
suspendiranog sedimenta vjerojatnije je da ce se
nataloziti te tako poveéati erozivnost makrofitnih
podloga (Jones i dr., 2012a) i zalepiti nakupine
mrijesta (Greig i dr., 2005), a za sitnije je Cestice
(< 2 pum) vjerojatnije da ¢e utjecati na disne organe
i hranidbeni sustav riba i beskraljesnjaka (Bilotta
i Brazier, 2008). Cestice velicine gline (< 4 pm)
mogu se uhvatiti za perifiton te ga uiniti manje
privla¢énim za organizme koji se njime hrane (Gra-
ham, 1990). Veli¢ina Cestica takoder se spominje
kao uzrok zagusivanja beskraljesnjaka. Ona osobi-
to utjeCe na sposobnost nekih svojta (taksona) da
se iskopaju iz natalozenih finih sedimenata (Wood

i dr., 2005).

3. Dinamika rijecnih sedimenata:
pitanje , prolaznosti sedimenata”

,Jednokratno” uzimanje uzoraka iz rijeke ili za-
sebno mjerenje zamucdenja, kao na slici 1B, moze biti
vrlo korisno za odredivanje trenuta¢nih vrijednosti
zamucenja ili SSC-a, osobito pri terenskim izvida-
njima. No u obzir svakako valja uzeti i iznimno vaz-
nu ,prolaznost sedimenata”. Vrijednosti zamucenja i
SSC-a vremenski su vrlo promjenjive — nerijetko u
rasponu od mnogo redova velicine (Walling, 1992;
Old i dr., 2005). Koncentracije &estica, cak i na jed-
nome mjestu, nelinearno se mijenjaju s promjena-
ma razina rije¢nog toka,ispustanjem sedimenata na
uzvodnom izvoru, procesima u porijecju te prijasnjim
uvjetima. Zbog toga zasebna mjerenja gotovo nikad
nece biti reprezentativna i nerijetko rezultiraju znat-
nim podcjenjivanjem ,prave” brzine pronosa rije¢nog

sedimenta.

Kad je rije¢ o procjenama gradevinskih utjecaja,
vrlo je vazno napomenuti da takvo izvidacko uzor-
kovanje sedimenta u trenutku malog protoka moze
stvoriti dojam da je rije¢ni sustav ,¢ist” te da raspola-
ze otpornoscu (ili ,slobodnim prostorom”) za prima-
nje dodatnog dotoka finih sedimenata kao posljedice
gradevinskih projekata bez zamjetljivog oStecenja



result of development projects without appreciable
damage to ecosystems. In fact, the “true” maximum
and mean levels of SSC or suspended sediment flux
will likely be much higher. The time series will also
punctuated by exceptional flood-related suspended
sediment events. Sediment levels could thus become
environmentally critical when further suspended
sediment loads are added from development proj-
ects at construction and post-construction opera-
tion stages. In addition, difficulties are compounded
because sediment flux events (“pulsing”) may also
occur independently of river flow events, especial-
ly in mountain and glacial meltwater basins (e.g.
Lawler, 2005a; Old et al., 2005), linked to subgla-

cial channel switching or ice-collapse events.

Hysteresis is widespread in sediment transport
systems, which adds further complications for
prediction. For example, SSC generally tends to
increase positively with river flow (e.g. Fig. 2), fol-
lowing rainfall, snowmelt or glacier ablation events
(Lawler and Brown, 1992; Old et al., 2005). How-
ever, clockwise hysteresis is often observed (Fig.
2A), where SSC rises with discharge but peaks
ahead of the flow maximum. This has been ex-
plained by several processes, but proximal sediment
sources which are transported into the stream quite
quickly is one driver of this “first-flush” effect (Fig.
2A). In addition, although Figure 2A shows a ten-
dency for positive, clockwise hysteresis in sediment
responses, the curves are complicated by periods of
anticlockwise behaviour.

Figure 2B, however, shows high frequency 15-min-
ute turbidity data for the highly urbanised River Tame
catchment, central UK, which demonstrates that the
turbidity response is very strongly negatively hyster-
etic, .e. opposite to the classic first-flush hypothesis.
Here, most of the fine sediment is coming through
late in the storm, after the flow peak, and Lawler et
al. (20064, 2006b) found this to be the characteristic
dynamic for this urban system. Amongst other causes
(Lawler, in prep.) such lagged responses have been as-
cribed to sewage inputs entering the river from treat-
ment plants or combined sewer overflows when their
capacities are exceeded late in a storm event.

Also, the rates at which SSC rises during flow
events are not fully predictable in advance. For ex-
ample, note in Figure 2A the considerable charac-

ekosustava. Zapravo, ,pravi” maksimum i srednje
razine SSC-a ili suspendiranoga sedimentnog toka
vjerojatno ¢e biti mnogo visi. Na vremenske nizo-
ve podataka takoder ¢e utjecati izvanredni dogadaji
povezane sa suspendiranim sedimentima tijekom
poplava. Zato bi razine sedimenta mogle postati
ekologki kriti¢ne kad se opterecenju gradevinskih i
konstrukcijskih sedimenata te u poslijekonstrukeij-
skoj fazi pribroji dodatno sedimentno opterecenje.
Usto, te se poteskoée umnozavaju jer se izvanredni
dogadaji u toku sedimenta (,pulsiranje”) mogu zbi-
vati neovisno o dogadajima u rijenom toku, osobi-
to u planinskim i ledenjackim porijecjima (Lawler,
2005a; Old 1 dr., 2005), §to je povezano s promjenom

podledenjackih kanala ili urusavanjem leda.

Histereza je veoma rasprostranjena u sedimentnim
transportnim sustavima, $to dodatno usloznjava pred-
vidanje. Primjerice SSC se opéenito pozitivno poveca-
va s protokom (npr. sl. 2), poslije kisa, otapanja snijega
ili ledenjackom ablacijom (Lawler i Brown, 1992; Old
idr., 2005). No &esto se opaza histereza u smjeru ka-
zaljke sata (sl. 2A), gdje se SSC povecéava praznjenjem,
ali vrhunac ima prije maksimuma toka. To se objasnja-
va s nekoliko procesa; jedan je od razloga tog efekta
prvog ispiranja” (sl. 2A) taj $to bliZi izvori sedimente
u tok prenose vrlo brzo. Usto, iako slika 2A u reakcija-
ma sedimenta prikazuje tendenciju pozitivne histereze
u smjeru kazaljke sata, krivulje usloZnjavaju razdoblja
ponasanja u smjeru suprotnom kazaljci sata.

Slika 2B prikazuje visokoucestale 15-minutne po-
datke zamucenja porije¢ja visokourbanizirane rijeke
Tame u sredisnjem dijelu Velike Britanije te se vidi
da je zamucenje histeretski vrlo negativno, tj. suprotno
klasi¢noj hipotezi prvog ispiranja. Veéina finog sedi-
menta ovdje protjece pri kraju oluje, nakon maksimal-
nog toka, a Lawler i dr. (2006a, 2006b) ustanovili su
da je to karakteristicna dinamika tog urbanog sustava.
Medu ostalim uzrocima (Lawler, u pripremi) takve se
zakasnjele reakcije pripisuju kanalizacijskim ispustima
u rijeke iz postrojenja za obradu voda ili kombinira-
nom preljevu kanalizacijskih voda kad im se pri kraju
oluje premasi kapacitet.

Takoder, brzina porasta SSC-a tijekom izvanred-
nih zbivanja u toku ne moze se posve predvidjeti. Pri-
mjerice na slici 2A valja obratiti pozornost na znatno
rasipanje znacajki i nelinearnost reakcije tijekom dvaju

dogadaja na rijeci Wharfe u Ujedinjenom Kraljev-
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Fig. 2A Suspended sediment concentration (SSC) response for two river flow events (19-20 February and 21 February, 1997 for the River Wharfe at
Tadcaster, Yorkshire, UK. Note the largely positive hysteresis response, but also the incorporation of fransient negative hysteresis elements in the

dynamics.

SI. 2A. Koncentracile suspendiranog sedimenta (SSC) kao reakcije na dva dogadaja s razlicitim protokom (19./20. veljaCe i 21. veljaCe 1997.) riieke
Wharfe u Tadcasteru u Yorkshireu u Ujedinjenom Kraljevstvu. Obratite pozormost na uglavnom pozifivnu reakciju histereze, ali i postojanje prolaznih

negativnih histeretskih elemenata u dinamici dogadaja.

Event 19 ¢1. 28 January 2002. James Bridge, River Tame, UK
Dogadaj 19 ¢1. od 28. sijecnja 2002., most James, rijeka Tame, VB
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Fig. 2B Fully developed negative, anficlockwise, hysteresis in Turbidity response during a streamflow event on
the urbanised upper River Tame in Birmingham, UK. Storm of 28 January 2002. FTU = Formazin Turbidity Units.
Q =river flow rate in m*s'. See Lawler et al. (2006a).

SI. 2B. Posve razvilena negativna histereza suprotna kazalici sata u reakciji zamuéenosti toka u urbanizira-
nome gornjem dijelu riigke Tame u Birminghamu u Ujedinjenom Kraljevstvu. Oluja od 28. siiecnja 2002. FTU =
formazinske jedinice zamuéenja; Q = riecni protok u m s, Vidi Lawler i dr. (2006q).
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teristic scatter and non-linearity in response during
the two flow events for the River Wharfe, UK. Fur-
thermore, between successive flow events, even over
similar discharge ranges (e.g. Figure 2A; 75 - 125

m?3

s range), suspended sediment responses can
be very different. Figure 2A, for instance, shows
a sediment exhaustion effect, where restrictions in
sediment supply for the second event (22 February)

result in lower SSC for a given river discharge.

4, Sediment source dynamics

It is desirable to identify the sources of prob-
lematic fine sediment, so that they can be managed
appropriately. For example, sediment sources and
slope erosion rates have been estimated as a first
approximation using simple empirical tools such as
the RUSLE (Revised Universal Soil Loss Equa-
tion) (Rymszewicz et al., 2014). River bank erosion
upstream can also be a key source of fine sediment
entering river systems (e.g. Lawler, 2008; Collins et
al., 2010, 2013; Massoudieh et al., 2013). However,
to identify and understand the relative dominance
of the many processes which drive the bank erosion
system (e.g. Lawler, 2005b, 2008) we need to know
when bank erosion events occur with respect to the
wide range of suspected controlling variables. Such
exercises also provide useful knowledge to guide the
appropriate remediation works necessary. Howev-
er, the coarse temporal resolution of conventional
manual river bank resurvey techniques may not
provide a suitable basis for identifying the processes
and different sediment sources.

To address this erosion and sediment produc-
tion measurement problem, Lawler (1992) invent-
ed the first sensor to monitor erosion automati-
cally, namely — the Photo-Electronic Erosion Pin
(PEEP) system, and more, recently, the PEEP3T
system (Lawler 2005b, 2008). PEEP systems im-
prove process identification capabilities, through
defining individual event dynamics. The newer
version (PEEP3T) also incorporates a Thermal
Consonance Timing (TCT) principle facilitated
by thermistors in the sensor. The two measurement
principles combined (photoelectronic; and thermal
consonance timing) allow erosional and deposi-
tional events to be detected at day or night at ~Imm

stvu. Usto, medu dva uzastopna dogadaja, ¢ak i uz sli¢-
ne raspone protoka (vidi sliku 2A; raspon 75 - 125 m*
s7), koli¢ina suspendiranog sedimenta moze biti vrlo
razlicita. Na primjer slika 2A prikazuje efekt iscrplje-
nja sedimenta gdje ograniCenja donosa sedimenta u
drugom dogadaju (22. veljace) za posljedicu imaju nizi
SSC za jednaki protok vode.

4. Dinamika izvora sedimenata

Pozeljno je ustanoviti izvore problemati¢noga
finog sedimenta kako bi se njime moglo uprav-
ljati na najbolji nacin. Primjerice izvori sedimen-
ta i brzina erozije padina procijenjeni su u prvoj
aproksimaciji jednostavnim empirijskim alatima
poput revidirane jednadzbe univerzalnoga gubitka
tla (Revised Universal Soil Loss Equation, RUSLE)
(Rymszewicz i dr., 2014). Erozija rijecne obale
uzvodno takoder moze biti vazan izvor finog se-
dimenta koji ulazi u rije¢ne sustave (Lawler, 2008;
Collins i dr., 2010, 2013; Massoudieh i dr., 2013).
No kako bi se ustanovili i shvatili razmjerno pre-
vladavajuéi medu brojnim procesima koji utjecu
na sustav erozije obala (npr. Lawler, 2005b, 2008),
potrebno je znati kada dolazi do erozije obale s ob-
zirom na $iroku paletu mogucih ¢imbenika. Takve
aktivnosti takoder nude korisne smjernice za ra-
dove potrebne za ispravljanje stanja. No vrlo gruba
vremenska razlucivost uobicajenih ru¢nih tehnika
ponovnog istrazivanja obala mozda ne nudi odgo-
varajudi temelj za prepoznavanje procesa i razli¢i-
tih izvora sedimenta.

Kako bi se pozabavio tim problemom mjerenja
erozije i stvaranja sedimenta, Lawler (1992) je izu-
mio prvi senzor za automatski nadzor erozije, tzv.
sustav fotoelektronickoga erozijskoga klina (Pho-
to-Electronic Erosion Pin, PEEP), a potom i sustav
PEEP3T (Lawler, 2005b, 2008). Sustavi PEEP
poboljsavaju mogucnosti prepoznavanja procesa
definiranjem dinamike pojedinih dogadaja. Novija
inacica (PEEP3T) ukljucuje i nacelo tempiranja to-
plinske konzonancije (Zhermal Consonance Timing,
TCT) omoguceno termistorima u senzoru. Dva
kombinirana nacela mjerenja (fotoelektronicko 1
tempiranje toplinske konzonancije) omogucuju da
se erozijski i talozni dogadaji otkrivaju danju i nocu

s razlucivoséu ~1 mm (Lawler, 2005b, 2008). Velici-
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resolution (Lawler, 2005b; 2008). The magnitude
and timing of individual erosion events can be re-
solved, too, in relation to changes in the suspected
controlling variables (e.g. channel hydraulics during
high flows; geotechnically-induced bank collapse;
or weathering, desiccation and freeze-thaw activ-
ity).

Figure 3A shows an example PEEP3T time
series which reveals a major bank erosion event.
The system clearly identifies the magnitude of the
erosion, and the precise flow peak, of a sequence
of three peaks, responsible. Indeed, the system
confirms the precise erosion event timing at 15.30
GMT on 6 November — just before the flow max-

imum.

Capturing such dynamic changes is crucial to
accurate assessment of baseline conditions and
reasonable prediction of future impacts of major
developments such as dam construction, urbani-
sation projects or pipeline river crossings. PEEP
systems can provide improved knowledge of sedi-
ment-source dynamics and controlling processing
on which to decide on appropriate management
strategies and policies, including for ESIA appli-

cations.

PEEP3T systems have now been applied in
many bank and soil erosion systems internationally
by at least 30 research groups (Figure 3B), and also
to additional landscape instability problems such
as soil erosion, switching estuarine systems and
dynamic tidal mudbanks (e.g. Mitchell et al. 2003;
Lawler 2005b; Lawler, 2008), coastal sedimentation
problems, including US Geological Survey work on
accretion rates in San Francisco Bay.

PEEP3T systems are useful because these data
on the timing and magnitude of erosion and depo-
sition events and rates, in relation to data on fluc-
tuations in the driving forces (e.g. high discharges
or shear stresses or turbulence; tidal water-level cy-
cles; weathering processes; wind action), can greatly
help to identify the influential processes and quan-
tify their control. Such datasets are also useful for
building, testing, improving and validating models
in the field or laboratory. Furthermore, once the
controlling processes are identified, management
can be more securely based. PEEPs are applicable
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na i vrijeme pojedinih erozijskih dogadaja takoder
se mogu razluciti prema promjenama u mogucéim
nadzornim &imbenicima (npr. kanalnom hidrauli-
kom tijekom velikih protoka, geotehnicki pokrenu-
tim uru$avanjem obale ili troenjem, isusivanjem te
djelovanjem zaledivanja i odledivanja).

Slika 3A prikazuje primjer vremenskog niza
PEEP3T koji otkriva velik dogadaj obalne erozije.
Sustav jasno prepoznaje magnitudu erozije i tocan
vrhunac odgovornoga vodenog vala u nizu od tri
vrhunca. Doista, sustav potvrduje tocni trenutak
erozijskog zbivanja u 15.30 GMT 6. studenoga —

neposredno prije maksimuma toka.

Biljezenje takvih dinamickih promjena najvazni-
je je za to¢nu procjenu temeljnih uvjeta i razumno
predvidanje utjecaja velikih zahvata poput konstruk-
cije brana, urbanizacijskih projekata ili prolaska cje-
vovoda kroz rijeku. Sustavi PEEP mogu ponuditi
bolje podatke o dinamici i nadzoru procesa izvora
sedimenta kao temelju za odgovarajuce upravljacke
strategije i politike, medu njima i ESIA-e.

Sustave PEEP3T danas na nekoliko mjesta na
svijetu primjenjuje barem trideset istrazivackih sku-
pina (sl. 3B) u sustavima nadzora obala i erozije tla
te za dodatne probleme s nestabilnos¢u krajolika
poput erozije tla, premjestanja estuarijskih sustava i
dinamickih muljevitih morskih obala (Mitchell i dr.,
2003; Lawler, 2005b,2008), problema s obalnom se-
dimentacijom, ukljucujudi i rad Americke geoloske
uprave (US Geological Survey) o brzini taloZenja u
zaljevu San Francisca.

Sustavi PEEP3T korisni su jer takvi podaci o
vremenima i brzinama magnitude erozije te taloze-
nja uz podatke o promjenama pokretackih sila (npr.
velikih vodnih valova, stresova smicanjem ili turbu-
lencije, ciklusa morskih mijena, erozije i djelovanja
vjetra) mogu uvelike pomodi prepoznavanju utjecaj-
nih procesa i kvantificiranju njihova opsega. Takve
zbirke podataka mogu biti korisne za gradevinsko
testiranje, poboljsavanje i validaciju modela na tere-
nu ili u laboratoriju. Nadalje, kad se ustanove proce-
si, temelji upravljanja postaju mnogo ¢vrséi. PEEP-
ovi se mogu primijeniti u brojnim okolnostima te
se uspje$no upotrebljavaju, primjerice za mjerenje
erozije i taloZenja na rije¢nim obalama, vododerina-
ma, kanalima i drenaznim jarcima, kao i muljevitim

obalama, plazama te u pokusima s brzicama.



Fig. 3A and 3B Automated
sediment erosion and deposition
monitoring with the Photo-Electro-
nic Erosion Pin system (Lawler, 1992)
and the PEEP3T Thermal Consonan-
ce Timing (TCT) system of Lawler
(2005¢; 2008). (A) River bank erosion
event detected automatically and
precisely by the PEEP3T -TCT system.
Note the use of the Thermal Con-
sonance Timing concept example.
International applications of the
PEEP system and the PEEP3T Thermal
Consonance Timing (TCT) system of
Lawler (2005c; 2008) for automatic
erosion, sediment generation and
deposition dynamics studies. (B)
More than 35 research groups and
geological, environmental and
applied organisations worldwide
now use the PEEP3T methodology
for automated monitoring, and
improved understanding and
management of erosion and
deposition problems in a range of
fluvial, estuarine, coastal and nival
environments.

SI. 3A. i 3B. Automartski nadzor erozi-
je i talozenja sedimenata sustavom
fotoelektronickoga erozijskoga

klina (Photo-Electronic Erosion Pin)
(Lawler, 1992) i Lawlerovim (2005c¢,
2008) sustavom PEEP3T tempiranjem
toplinske konzonancije (Thermal
Consonance Timing, TCT). (A)
Dogadaj erozije riiecne obale au-
tomatskije i focno predviden susta-
vom PEEP3T-TCT. Obratite pozornost
na uporabu primjera koncepta TCT.
Medunarodna primjena sustava
PEEP i Lawlerova (2005¢, 2008)
sustava PEEP3T tempiranja foplinske
konzonancije (Thermal Consonance
Timing, TCT) za automatska istraziva-
nja erozije, nastanka sedimenata i
dinamike talozenja. (B) Vise od 35
istrazivackih skupina te geoloske,
ekoloske i slicne organizacije danas
upofrebljavaju metodologiju PEEP3T
za automatski nadzor te pobolSano
razumijevanje i upravljanje erozi-
skim i taloznim problemima u raziici-
tim rijeCnim, estuarijskim, obalnim i
snjeznim okoliSima.
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to many contexts, and have been deployed success-
fully, for example, to measure erosion and depo-
sition on river banks, gullies, canals and drainage
ditches, as well as tidal mudbanks, beaches and in

flume experiments.

5. Towards a new framework for FSIA: Fluvial
Sediment Impact Assessment

5.1 Design

Sediment system complexity, which has now
been recognised globally with over 25 years of com-
puterised sediment data acquisition, shows that
more robust approaches and methodologies are
needed to fully define sediment fluxes and land-
scape dynamics with respect to driving forces. This
also applies to such studies within EIAs and ESIAs,
which need to show that the planned development
project will not impact detrimentally, for example,
on fluvial, environmental or pollution process-
es — nor be adversely affected by natural forces (cf.
Fukushima 2011 incident). Hence, we outline here
anew Fluvial Sediment Impact Assessment (FSIA)
framework (Fig. 4). It attempts to link effects of de-
velopment projects (e.g. pipeline river crossings)
on fine sediment processes and then to ecological
responses, and shows where each monitoring tech-
nique can be used.

To guide the new FSIA framework, we establish

and discuss the following below:

* three general principles;
* six methodological steps; and

* several technical approaches.

FSIA involves the combination of continuous
monitoring of water quantity and quality, hydro-
morphological data collection and analysis, and
biomonitoring. FSIA can be used as an adaptive,
risk-based framework and should ideally be applied
in a multiple Before-After-Control-Impact (mBA-
CI) study design.
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5. Ususret novom okviru procjene utjecaja
rijeénog sedimenta

5. 1. Dizajn

Slozenost sedimentnog sustava, koja se danas
prihvaca diljem svijeta nakon vise od 25 godina
racunalnog prikupljanja podataka, pokazuje da
su potrebni pouzdaniji pristupi i metodologije za
potpuno definiranje tokova sedimenta i dinamike
krajolika u ovisnosti o pokretackim silama. To se
takoder odnosi na studije za EIA-u i ESIA-u koje
moraju pokazati da planirani gradevinski projekti
nece loSe utjecati na primjerice rijecne, ekoloske i
onecid¢ujuée procese — niti ¢e na njih nepovoljno
djelovati prirodne sile (poput primjerice incidenta
u Fukushimi 2011.). Zato ovdje opisujemo novi
okvir procjene utjecaja rijeCnog sedimenta (Fluvial
Sediment Impact Assessmen, FSIA) (sl. 4). Njime se
pokusava povezati utjecaje gradevinskih projekata
(npr. polaganje cjevovoda u rijeke) s procesima fi-
nih sedimenata te ekoloske reakcije uz prikaz gdje
se svaka nadzorna tehnika moze upotrijebiti.

Kao smjernice novog okvira FSIA-e u nastavku
rada uspostavlja se, uz raspravu, sljedece:

* tri op¢a nacela
* Sest metodoloskih koraka

* nekoliko tehnickih pristupa.

FSIA uklju¢uje kombinaciju stalnog nadzora kolici-
ne i kakvoce vode, skupljanje i analizu hidromorfolos-
kih podataka te bionadzor. FSIA se moze upotrijebiti
kao prilagodljiv okvir utemeljen na rizicima te bi ga u
idealnom slu¢aju trebalo primijeniti pri osmisljavanju
visestrukih studija utjecaja prije i nakon nadzora (Befo-

re-After-Control-Impact, nBACI).
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5.2. Framework

5.2.1 Principles

It is useful first to establish three general prin-
ciples to guide Sediment Impact Assessment for

project ESIAs:

1 A specialist scoping and pre-scoping at early
stages of the project design, so that all key issues
and key sites, including sediment issues, are in-
tegrated in the full ESIA plan

2 “Partnering” of local and international sediment/
water resource specialists to combine their ex-
perience of contrasting fluvial systems, sediment
behaviour and ecological impacts

5. 2. Okvir

5.2.1. Nacela

Korisno je najprije ustanoviti tri op¢a nacela smjer-

nica procjene utjecaja sedimenta za projektne ESIA-e:

1 Specijalisticko odredivanje i predodredivanje u

ranim fazama osmisljavanja projekta kako bi se

potpunim planom ESIA-e moglo obuhvatiti sva

klju¢na pitanja i lokacije, ukljucujuéi i one o sedi-

mentima

2 ,Partnerstvo”s lokalnim i inozemnim stru¢njacima

za sedimente/vodne resurse radi povezivanja isku-

stava o kontrastnim rije¢nim sustavima, ponasanju

sedimenata i ekoloskom utjecaju
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3 Post-project monitoring (rarely achieved hither-
to) to test earlier ESIA predictions of sediment
impacts against acfual sediment transport chang-
es and impacts following project completion.

5.2.2 Methodological steps

The FSIA approach also incorporates the fol-
lowing six methodological steps. These should be
implemented according to recommended scientific
protocols, nBACI approaches and any extant legis-
lation in the host country etc.

1 Establish, well before the development project
begins, a direct, manual turbidity measurement
programme. This will allow approximate baseline
sediment transport estimates to be made, against
which to assess any sediment impacts of the in-
stallation phase or the completed project (e.g.
pipeline river crossings)

2 Manual water sampling using recognised sam-
plers (e.g. USDH48) and filtration of river wa-
ters to obtain actual SSC for particle size distri-
bution analysis and to calibrate turbidity meters
to provide SSC data

3 Supplementary automatic monitoring - and
automatic sampling - to deliver the ideal high
frequency measurements of changing turbidity
and SSC before, through and after storms and
floods (e.g. Lawler and Brown, 1992; Lawler et
al., 2006a; Old et al, 2005). This is essential to
capture the full fluvial sediment transport re-
sponse to catchment rainfall events and melt-
water inputs to feed into hydroecological impact
work — and also to detect river disturbance and
elevated SSCs through the development process,
such as from pipeline river crossing activities.
For example, sediment transport monitoring up-
stream and downstream of pipeline river cross-
ing locations, before, during and after crossing
engineering can be very illuminating

4 Installing automatic river flow gauging stations
at critical points on the river network, at the
suspended sediment monitoring sites, if these are
absent. These will provide continuous flow data to
combine with SSC data (step 3) to produce sus-
pended sediment flux estimates which are useful in
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3 Poslijeprojektni nadzor (u ¢emu se dosad rijetko
uspijevalo) kako bi se predvidanja ESIA-e o utjeca-
jima sedimenta usporedila sa stvarnim promjenama
u pronosu sedimenta nakon zavrsetka projekta.

5. 2. 2. Metodoloski koraci

Pristup FSIA-e takoder obuhvaca Sest navede-
nih metodoloskih koraka. Njih valja primijeniti u
skladu s preporucenim znanstvenim protokolima,
pristupima mBACI, svim postoje¢im propisima u
zemlji domaéinu itd.

1 Mnogo prije pocetka gradevinskog projekta va-
lja uspostaviti program izravnoga rucnog mje-
renja zamucenosti vodotoka. Tako ¢e se modi
ustanoviti priblizne temeljne procjene pronosa
sedimenta s kojima ¢e se usporedivati utjecaj
sedimenta u fazi izgradnje, odnosno zavr§enog
projekta (npr. polaganja naftovoda kroz rijeku).

2 Ru¢no uzimanje uzoraka vode uporabom pri-
znatih uredaja (npr. USDH48) i filtriranje ri-
je¢ne vode kako bi se ustanovio stvarni SSC za
analizu raspodjele veli¢ine Cestica i kalibriranje
mjeraca zamucenja koji daju podatke o SSC-u.

3 Dodatni automatski nadzor — i automatsko
uzimanje uzoraka — kako bi se ustanovila ide-
alna ucestalost mjerenja promjene zamuéenosti
i SSC-a prije, tijekom i nakon oluja i poplava
(Lawler i Brown, 1992; Lawler i dr., 2006a; Old
i dr., 2005). To je najvaznije za biljeZenje svih
reakcija pronosa rije¢nih sedimenata poslije kisa
u porije¢ju i dotoka otopljenog snijega kako bi
se dobila potpuna slika o hidroekoloskim utje-
cajima, ali i kako bi se zamijetile promjene u
rijeci i povisen SSC tijekom gradevinskog pro-
cesa, primjerice polaganja naftovoda na rijec-
no korito. Zato nadziranje pronosa sedimenta
uzvodno i nizvodno od naftovoda prije i nakon
gradevinskih radova moze dovesti do vrijednih
spoznaja.

4 Postavljanje automatskih mjernih postaja pro-
toka na kritiénim tockama rije¢nog sustava i na
mjestima nadzora suspendiranog sedimenta ako
ih ve¢ nema. Tako ¢e se dobiti stalni podaci o pro-
toku koji ¢e s podacima za SSC (korak 3) omo-

guditi procjene toka suspendiranog sedimenta radi



mass-balance approaches to anticipate likely depo-
sitional rates and impacts downstream for local fish-
eries, ecosystems and water bodies, such as reervoirs.

5 It is very useful to identify the key sediment
sources within a catchment. This can be done by
chemically “matching” likely sources of fine sed-
iment across the catchment with the suspended
sediment retrieved from the manual samplers
and Automatic Water Samplers, and incorporat-
ing hydrogeomorphological or tracing studies).
PEEP3T deployment can also support this, by
revealing timing of sediment loss from selected
catchment sources with respect to SSC peaks.

6 Suitable adjustments to the above can be made
for whichever water bodies are at risk or of in-
terest (e.g. lakes, reservoirs, wetlands, soil water,
groundwater systems, wells, springs and drainage
systems).

5.2.3 Incorporated techniques

The FSIA also embraces a suite of techniques
for monitoring suspended sediment pollution.
Other approaches rely on detecting the impact of
works such as pipeline crossings, including channel
change (Castro et al., 2014) or the response of bi-
ota after the impact has occurred (Anderson et al.,
1998). However, our framework recognises the need
to monitor processes of sediment pollution genera-
tion and transport so that an early warning alarm
can be raised before ecological status is compro-
mised (Fig. 4). FSIA also involves the combination
of key technical approaches, including monitoring
of water quantity and quality, hydromorphological
data collection and analysis, and biomonitoring, as
discussed below.

5.2.3.1 Automated high-frequency/Continuous
monitoring

'The strong temporal dynamics exhibited by SSC
(e.g. Fig. 2) necessitates high-frequency monitoring
(e.g. Lecce et al., 2006). Due to the labour involved
in collecting and processing physical samples, the
most common methods involve surrogate measures
of SSC using optical techniques such as turbidim-

predvidanja vjerojatne brzine taloZenja i utjecaja
na nizvodne korisnike poput ribogoijilista, ekosu-
stava i vodosprema.

5 Vrlo je korisno ustanoviti najvaznije izvore se-
dimenta u porije¢ju. To se kemijski moze uciniti
yusporedivanjem” vjerojatnih izvora finog sedi-
menta u porije¢ju sa suspendiranim sedimentom
dobivenim ruénim ili automatskim uzimanjem
uzoraka rijecne vode uz primjenu trasiranja i hi-
drogeomorfoloskih metoda. Uporaba PEEP3T-a
takoder moze pomodi jer omogucuje odredivanje
vremena gubitka sedimenta iz odabranih izvora u
porije¢ju s obzirom na vrhunce SSC-a.

6 Odgovarajuce se prilagodbe navedenih koraka
mogu nadiniti za sve zanimljive ugrozZene vode
(npr. jezera, vodospreme, mocvare, vodu u tlu,
sustave podzemnih voda, zdence, izvore i dre-

nazne sustave).

5.2. 3. Ukljucene tehnike

FSIA takoder obuhvaca skup tehnika za nad-
zor oneciséenja suspendiranog sedimenta. Drugi se
pristupi temelje na otkrivanju utjecaja gradevinskih
radova poput polozenih cjevovoda, ukljucujuéi pro-
mjenu kanala (Castro i dr., 2014) ili reakcije Zivih
bica nakon zavrietka gradevinskog projekta (An-
derson i dr., 1998). No na$ okvir prihvaéa potre-
bu za nadzorom procesa stvaranja i prijenosa one-
¢is¢enja sedimentom kako bi se moglo dati rano
upozorenje, prije naruavanja ekoloskog stanja (sl.
4). FSIA takoder obuhvaca kombinaciju klju¢nih
tehnickih pristupa, ukljuujuéi nadzor koli¢ine i ka-
kvoce vode, skupljanje i analizu hidromorfoloskih
podataka te bionadzor, o Cemu ¢e biti viSe rijeci u
nastavku.

5.2. 3. 1. Automatski u€estali/stalni monitoring

Velika vremenska dinamika SSC-a (vidi sl. 2) za-
htijeva veoma Cest nadzor (npr. Lecce i dr., 2006).
Zbog kolicine rada ukljucenog u skupljanje i obradu
fizickih uzoraka, najéesée metode ukljucuju nadomje-
sno mjerenje SSC-a optickim tehnikama mjerenja
zamudenosti, u novije doba laserskom refraktome-
trijom. Iako je skuplja, laserska refraktometrija mje-
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etry or, more recently, laser refractometry. Whilst
more expensive, laser refractometry using Laser
In-Situ Scattering and Transmissometers (LISSTs)
can provide more reliable estimates of SSC and has
the added benefit of providing particle size distribu-
tions (Czuba et al., 2014). Both optical techniques
ideally require site-specific calibration, preferably
across a range of seasons and flow stages (Jastram
et al., 2009; Andrews et al., 2011), to give a robust
estimate of SSC at the sensor. In turn, SSC at the
sensor should be calibrated to cross-sectional mean
SSC using a depth- and width-integrating method.
Optical sensors should be installed in combination
with datalogging or telemetry hardware and a pres-
sure transducer, calibrated to provide an estimate of
discharge (Q). Dissolved oxygen should be mon-
itored as standard. If there are any other specific
water quality concerns then continuous monitor-
ing systems can also be equipped with water qual-
ity sondes. Compared to the expense of a pipeline
crossing the cost of these systems is not prohibitive,
yet barely any projects involve collection of such
data, even at a very coarse temporal resolution.

5.2.3 2 Hydromorphological data collection
and analysis

The collection of hydrological and morpholog-
ical data is crucial to detecting hot spots and hot
moments of potential sediment processes linked
to pipeline crossings, or other development activ-
ity. Acoustic Doppler Current Profilers (ADCPs)
are useful as they can provide reliable depth- and
width-integrated Q_and SSC data simultaneous-
ly, facilitating the rapid cross-sectional calibration
of point SSC data located close to optical sensors.
Because ADCP is a surrogate method, the acous-
tic backscatter data collected still requires calibra-
tion using manual samples. Sassi et al. (2012) have
shown how this can be done efficiently. The result-
ing Q_and SSC data may then be used to analyse
hysteretic behaviour, which can indicate the relative
contributions of proximal (e.g. bank erosion, pipe-
line crossings) and distal sediment sources (Lawler

et al., 2006a; Lefrancois et al., 2007).
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renjem laserskog raspriivanja i transmisije (Laser
In-Situ Scattering and Transmissometer, LISST) nudi
pouzdanije procjene SSC-a i ima dodatnu prednost
pronalaZenja raspodjele veli¢ine Cestica (Czuba i dr.,
2014). Obje opticke tehnike u idealnom slu¢aju zahti-
jevaju kalibraciju na mjestu uporabe, tijekom nekoliko
godisnjih doba i razlicitih protoka ako je to moguce
(Jastram i dr., 2009; Andrews i dr., 2011) kako bi se
senzorom dobile pouzdane procjene SSC-a. S druge
strane, SSC na senzoru valja kalibrirati na srednju
vrijednost presjeka korita dubinskim i $irinskim po-
stupcima integracije. Opticke senzore treba postaviti
u kombinaciji s opremom za biljeZenje podataka ili
telemetriju, a mora biti prisutan i tlaéni pretvaral
(transduktor) kalibriran da ponudi procjenu praznje-
nja (Q). Standardno valja mjeriti i koli¢inu otoplje-
noga kisika. Postoje 1i bilo kakve sumnje u kakvocu
vode, sustavi za stalni nadzor moraju biti opremljeni
i sondama za odredivanje kakvoce vode. U uspored-
bi s cijenom polaganja naftovoda preko rije¢nog dna
cijena tih sustava nije previsoka, ali gotovo da i nema
projekta koji ukljucuje prikupljanje takvih podataka,

¢ak ni u vrlo velikim vremenskim razmacima.

5.2. 3. 2. Prikupljanje i analiza hidromorfoloskih
podataka

Prikupljanje hidroloskih i morfoloskih podataka naj-
vaznije je za pronalazenje vrucih to¢aka i vruéih trenu-
taka potencijalnih sedimentacijskih procesa povezanih
s polaganjem cjevovoda ili drugih gradevinskih aktiv-
nosti. Akusticki uredaji za doplersko profiliranje toka
(Acoustic Doppler Current Profilers, ADCP) korisni su jer
istodobno nude pouzdane dubinski i §irinski integrirane
podatke za Q i SSC pa se tako olaksava brza kalibracija
po presjeku diskretnih podataka o SSC-u blizu optickih
senzora. Kako je ADCP nadomjesna metoda, prikuplje-
ni akusticki podaci o rasprsivanju moraju se kalibrirati
s pomocu uzoraka dobivenih ru¢no. Sassi i dr. (2012)
pokazali su da se to moze udiniti u¢inkovito. Dobiveni
podaci o Q-u i SSC-u mogu se zatim upotrijebiti za
analizu ponasanja histereze, koja moze uputiti na re-
lativne doprinose bliskih (npr. erozija obale, polozeni
cjevovodi) i udaljenih izvora sedimenta (Lawler i dr.,
2006a; Lefrangois i dr., 2007).



Photo-Electronic Erosion Pins (PEEP) or the
newer version (PEEP3T) can provide detailed in-
formation on catchment erosion dynamics, and
process behaviour and sediment generation at spe-
cific erosion sites (e.g. river banks, agricultural fields,
cleared areas, or pipeline river crossing sites) (e.g.
Fig. 5) and their role in sediment fluxes (Lawler,
2005b; 2008). Identifying key sources of potential
ecological impacts associated with pipeline cross-
ings in both the short- and long-term is key. Much
eroded material may accumulate on and within the
river bed matrix. Vertically Extending Sediment
Traps (VESTs) can enable the rate of colmation
to be quantified with unprecedented realism by al-
lowing free movement of fine sediment both from
the bed surface and laterally within the bed matrix
(Harper et al., in submission). As the sensitivity of
river habitats to deposition and erosion is depen-
dent on local and upstream stream power distribu-
tions (Barker et al.,2009; Bizzi and Lerner, 2012,
2015), spatial models that rapidly map stream pow-
er along whole rivers using existing topographical
and hydrological data based on Digital Elevation
Models and Geographical Information Systems
(Barker et al., 2009) are important for identifying

vulnerable sites for more detailed investigations.

Fotoelektronicki erozijski klinovi (Photo-Electronic
Erosion Pins, PEEP) ili novije inadice (PEEP3T) mogu
dati detaljne informacije o dinamici erozije u porije¢-
ju, ali i procesima i i nastanku sedimenta na odredenim
mjestima erozije (npr. rije¢ne obale, poljoprivredne po-
vrsine, iskréena podrudja ili mjesta prelaska cjevovoda
kroz rije¢ni tok) (sl. 5) te njihovoj ulozi u toku sedi-
menta (Lawler, 2005b, 2008). I kratkoro¢no i dugoro¢no
najvaznije je prepoznavanje glavnih izvora potencijalnih
ekoloskih utjecaja povezanih s poloZenim cjevovodi-
ma. Mnogo se erodiranog materijala moze nakupiti na
osnovici rije¢noga korita i u njoj. Omoguéujuéi slobod-
no kretanje finog sedimenta iz povrsine korita i lateral-
no unutar osnove korita, vertikalne sedimentne zamke
(Vertically Extending Sediment Traps, VEST) omogucuju
kvantificiranje kolmacije s dosad nedosegnutom to¢no-
$¢u (Harper i dr., u tisku). Kako je osjetljivost rije¢nih
stani$ta na taloZenje i eroziju ovisna o lokalnoj i uzvod-
noj raspodjeli jacine vodene struje (Barker i dr., 2009;
Bizzi i Lerner, 2012, 2015), prostorni modeli za brzo
odredivanje ja¢ine struje uzduz cijelih rijeka uporabom
postojeéih topografskih i hidroloskih podataka uteme-
ljenih na digitalnim modelima reljefa i geografskim in-
formacijskim sustavima (Barker i dr.,2009) vrlo su vazni
za pronalaZenje osjetljivih lokacija koje valja podrobnije
istraziti.

Fig. 5 Pipeline laid directly within

a highly turbid mountain river in
eastem Azerbaijan. Clearly, a
pipeline failure or breach, including
by gravel or boulder impact,
erosional undermining of pipeline
river crossing footings, accidental
disturbance during subsequesmt
engineering works, sabotage or
vandalism (Anifowose et al., 2011;
2012; 2014), can lead to substantial
spills of oil or other contents info ri-
ver systems and contaminate water
and sedimentfs.

SI. 5. Naftovod poloZen izravno u
vrlo zamucenu planinsku rijeku na
istoku Azerbajdzana. Ocito je da
kvar il pucanie cijevi uzrokovano
primjerice udarom Sljunka ili stiene,
erozijskim potkopavanjem nosaca
cijevi, nehotiénim pomicanjem fije-
kom mogucih gradevinskih radova,
sabotazom ili vandalizmom (Ani-
fowoseidr., 2011, 2012, 2014) mogu
uzrokovati veliko izlijevanje nafte ili
drugog sadrzaja u rijecni sustav te
tako oneCistiti vodu i sedimente.
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5.2.3.3 Biomonitoring

Biomonitoring may be used to detect a wide va-
riety of impacts, such as organic pollution (Wright
et al., 1989), heavy metal contamination (Blanco
&Bécares, 2010) and flow abstraction (Extence et
al., 1999). Aquatic macroinvertebrates are most of-
ten used for biomonitoring as they are easy to sam-
ple, relatively sedentary, ubiquitously distributed,
have short life-cycles and high sensitivity to envi-
ronmental change (Giller and Malmqpvist, 1998). In
recognition of the widespread nature of fine sed-
iment pollution, Extence et al. (2013) developed
the Proportion of Sediment-sensitive Invertebrates
(PSI) index (Tab. 1). The PSI index has been found
to be sensitive to sediment pollution from a range
of sources (Poole et al., 2013; Glendell et al., 2014;
Turley et al., 2014; see example below). The effects
of changed resources and altered predator-prey in-
teractions can also be tracked by sampling macroin-
vertebrates and assigning each family or species to
groups according to feeding habits and other traits
(Schmidt-Kloiber et al., 2006).

5. 2. 3. 3. Bionadzor

Bionadzorom se mogu otkriti razlicite vrste utje-
caja, primjerice organskog onecidéenja (Wright i dr.,
1989), kontaminacije teskim metalima (Blanco i Bé-
cares, 2010) te crpljenja vode (Extence i dr., 1999).
Za bionadzor najvise se upotrebljavaju vodeni ma-
krobeskraljesnjaci jer ih je lako skupljati, razmjerno
su nepokretni, posvuda rasireni, imaju kratke Zivotne
cikluse i iznimno su osjetljivi na promjene u okolisu
(Giller i Malmqvist, 1998). Prepoznajuéi rasirenost
onedis¢enja finim sedimentima, Extence i dr. (2013)
osmislili su indeks dijela beskraljesnjaka osjetljivih
na sediment (Proportion of Sediment-sensitive Inver-
tebrates, PSI) (tab. 1). Indeks PSI pokazao se osjet-
ljivim na oneciséenje sedimentima iz razli¢itih izvora
(Poole i dr., 2013; Glendell i dr., 2014; Turley i dr.,
2014; vidi primjer u nastavku). Uéinci promijenjenih
resursa i promijenjenih interakcija medu lovcima i
plijenom takoder se mogu pratiti uzimanjem uzoraka
makrobeskraljesnjaka i svrstavajudi svaku porodicu ili
vrstu u skupine u skladu s prehrambenim navikama

i drugim obiljezjima (Schmidt-Kloiber i dr., 2006).

Tab. 1 Fine Sediment Sensitivity Rating definifions and abundance weighted scores for PSI calculation. See Extenceet al. (2013) for species- and

family-level FSSR designations.

Tab. 1. Definicije i rezultati ponderirani prema pojavnosti za ocjenu osjetljivosti na fine sedimente u izracunu PSI; vidi Extence i dr. (2013) za FFSR oznake

razine vrsta i porodica

Abundance
Group Fine Sediment Sensitivity Rating (FSSR)
1-9 10-99 100-999 1000+
Pojavnost
Skupina Ocjena osjetljivosti na fini sediment
P (Fine Sediment Sensitivity Rating, FSSR)
1-9 10-99 100-999 1000+
A Highly sensitive / Vrlo osjetljiva 2 3 4 5
B Moderately sensitive / Srednje osjetljiva 1 2 3 4
C Moderately insensitive / Srednje neosjetljiva 1 2 3 4
D Highly insensitive / Vrlo neosjetljiva 2 3 4 5

z Scores _Groups _ A& B

PSI(¥) =
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x100

z Score _Groups _A,B,C&D



To test this, we monitored sediment pollution
from a flood alleviation scheme in Chipping Camp-
den, Gloucestershire, UK. A 400 m length of the
second-order stream was diverted away from the
premises of a local business that had been experienc-
ing unacceptable levels of flooding. Construction of
the new channel involved excavating alluvium from
the valley bottom and reconnecting this new section
of channel to the existing stream. Monitoring was
conducted by sampling macroinvertebrate commu-
nities at three replicate sites upstream (control) and
immediately downstream (impact) of the site. A key
result is that the PSI scores were significantly lower
at the impacted site downstream of the works until
recovery is seen after 25 weeks when the bed and
banks of the new channel had become vegetated,
limiting sediment erosion (Fig. 6).

Kako bismo to iskusali, nadzirali smo onecisce-
nje sedimentom u projektu saniranja Stete od po-
plave u Chipping Campdenu u Gloucestershireu
u Ujedinjenom Kraljevstvu. Potok duljine 400 m
preusmjeren je s terena lokalnih poduzecéa suoce-
nih s ucestalim poplavljivanjem. Izgradnja novoga
kanala obuhvacala je iskapanje taloga s dna doline
i spajanje tog novog dijela kanala s postoje¢im po-
tokom. Nadzor je izveden uzimanjem uzoraka za-
jednica makrobeskraljesnjaka na tri razli¢ita mjesta
uzvodno (kontrolni uzorci) i neposredno nizvodno
(pod utjecajem promjene) od lokaliteta. Najvazniji
rezultat bio je da su ocjene PSI-ja bile znatno nize
na zahva¢enome mjestu nizvodno od radova sve dok
nakon 25 tjedana nije nastupio oporavak kad se na
koritu i obali novoga kanala pojavilo raslinje koje je
ogranidilo eroziju sedimenta (sl. 6).

PSI (%)
1

0 T

Upstream/
Uzvodno

Downstream/

Nizvodno

0 10
Time (weeks) / Vrijeme (tjedni)

20 30

Fig. 6 The Proportion of Sediment-sensitive Invertebrates (PSI) index at sites upstream and downstream of a
stream diversion project near Chipping Campden, Gloucestershire, UK, at regular fime intervals after project
completion. Bars show 95 % confidence limifs.

SI. 6. Indeks udjela beskraljesnjaka osjetlivih na sediment (sediment-sensitive Invertebrates, PSI) na lokacijo-
ma uzvodno i nizvodno od projekta preusmjerivanja toka pokraj Chipping Campdena u Gloucestershireu u
UK, u pravilnim razmacima poslije zavrsetka projekta. Stupci prikazuju granice pouzdanosti od 95 %.

For fish, which are more difficult to sample,
more mobile and longer-lived than macroinver-
tebrates, direct biomonitoring is less feasible. Be-
yond specialist physiological bioassays (e.g. Reid et
al., 2003), the use of fish population estimates to
monitor sediment pollution impacts is flawed from
a management perspective — the impact has already

Za ribe, koje je teze uhvatiti, pokretljivije su i
zive duze od makrobeskraljesnjaka, izravni bionad-
zor manje je prikladan. Osim u specijalistickim fi-
zioloskim bioistrazivanjima (npr. Reid i dr., 2003)
riblja populacija za nadzor posljedica onecisc¢enja
sedimentom nije opravdana s upravljackog motrista
jer su posljedice ve¢ prisutne i malo je razloga za
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occurred and there is little basis for detecting the
mechanisms involved. An alternative, cheaper and
less specialist approach to fish biomonitoring uses
continuous monitoring data alongside a well-es-
tablished model describing the severity of ill eftects
suffered by fish in response to sediment pollution
(Tab. 2). CDF curves can then be derived from the
continuous monitoring data by applying thresholds
relating to different SEV levels (e.g. Schwartz et
al., 2008). In this way monitoring can rapidly alert
managers to unacceptable levels of impact before
fish populations are irreparably affected.

otkrivanje uklju¢enih mehanizama. Kao alternativa,
jeftiniji i manje specijalisticki pristup nadzoru riba
upotrebljava podatke dobivene stalnim nadzorom
uz $iroko prihvaéeni model koji opisuje ozbiljnost
losih posljedica na ribe kao reakcije na oneciséenje
sedimentom (tab. 2). Krivulje CDF-a tada se mogu
izracunati iz stalnih podataka dobivenih nadzorom,
uz primjenu granica koje se odnose na razlicite ra-
zine SEV-a (Schwartz i dr., 2008). Tako se nadzo-
rom upravljacke strukture mogu brzo upozoriti na
neprihvatljive razine oneciéenja prije nego $to se
riblja populacija nepopravljivo narusi.

Tab. 2 Scale of severity (SEV) of ill effects associated with excess suspended sediment. From Newcombe and Jensen (1996).
Tab. 2. Ljestvica ozbilinosti (scale of severity, SEV) losih uCinaka povezanih s viskom suspendiranog sedimenta; prema Newcombeu i Jensenu (1996)

SEV/

SEV Description of effect / Opis u¢inka

0 Nil effect / Nema ucinka

1 Alarm reaction / Uzbunjujuca reakcija

2 Abandonment of cover / Napustanje zaklona

3 Avoidance response / Reakcija izbjegavanja

4 Short-term reduction in feeding rate and success /
Kratkoro¢no smanjenje ucestalosti i uspjeha hranjenja

5 Minor physiological stress (coughing, increased respiration) /
Manji fizioloski stres (kasljanje, ubrzano disanje)

6 Moderate physiological stress / Srednji fizioloski stres

7 Moderate habitat degradation; impaired homing /

Umjerena degradacija stanista; nemoguénost pronalazenja doma

Indications of major physiological stress; long-term reduction in
8 feeding rate and success; poor condition / Pokazatelji velikoga fizioloskog stresa;
dugoro¢no smanjenje ucestalosti i uspjeha hranjenja; lose tjelesno stanje

Reduced growth rate; delayed hatching; reduced fish density /

? Usporen rast; odgodeno mrijeséenje; smanjen broj riba

10 0-20 % mortality; increased predation; moderate to severe habitat degradation /
Smrtnost od 0 do 20 posto; povecana predacija; umjerena do velika degradacija stanista

11 20-40 % mortality / Smrtnost od 20 do 40 posto

12 40-60 % mortality / Smrtnost od 40 do 60 posto

13 60-80 % mortality / Smrtnost od 60 do 80 posto

14 80-100 % mortality / Smrtnost od 80 do 100 posto
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6. Conclusions

'The new datasets presented here on the dynam-
ics and complexities of bank erosion, fine sediment
transport and biotic response at different timescales
help to inform the development of a new approach
to the evaluation of sediment impacts on river bi-
ota. The new FSIA framework we outline here is
designed to anticipate and address sediment pollu-
tion problems in rivers from a process perspective,
especially with respect to aquatic biota which may
result from development projects. To develop the
new framework, we have established three desirable
general principles, six methodological steps, and
several technical approaches which underpin the
approach. High-frequency monitoring of both river
flow and turbidity/SSC is seen to be essential be-
fore, during and after project construction (e.g. for
pipeline river crossings) in order to detect and mit-
igate undesirable levels of sediment pollution and
their impacts on ecosystems. Ideally, the approaches
should be applied in a multiple Before-After-Con-
trol-Impact (mBACI) study design.

Advantages of the FSIA framework are that:

* It is process-based within hydrology, geomor-
phology and hydroecology, enabling the early
detection of sediment impacts

* It explicitly recognises the strong temporal dy-
namics exhibited by SSC, and their controls

* Itincludes explicit reference to ecological recep-
tors

* It capitalises on well established biomonitoring
protocols where direct monitoring is challenging

* Itis operational and practical rather than simply
organisational or conceptual in nature

* It encourages multi- and inter-disciplinary in-
volvement

* It is based on substantial experience of assessing
impacts of major development projects on river
systems in the UK, Iceland, Azerbaijan, Georgia
and Russia, where components of the approach
have been tested, including within Environmen-
tal and Social Impact Assessments.

The new framework here suggests that there is
significant potential for more rigorous assessment
of fluvial sediment conditions, before, during and

6. Zakljucci

Ovdje predstavljeni novi skupovi podataka o di-
namici i sloZenosti erozije obale, prijenosa finog se-
dimenta i reakcije Zivih bi¢a u razli¢itim vremenskim
rasponima pomazu informiranju o razvoju novog
pristupa procjeni utjecaja sedimenta na Zivi svijet u
rijeci. Novi okvir FSIA-e koji ovdje opisujemo nami-
jenjen je predvidanju problema oneciséenja sedimen-
tom u rijekama (kao posljedice gradevinskih projeka-
ta) s procesnog motrista i suoavanju s njim, osobito
kad je rije¢ o Zivome svijetu u vodi.. Kako bismo ra-
zvili novi okvir, ustanovili smo tri poZeljna opéa na-
Cela, Sest metodoloskih koraka i nekoliko tehnickih
pristupa na kojima se pristup temelji. Prije, tijekom i
nakon projekta (primjerice polaganja cjevovoda pre-
ko rije¢nog dna) visokofrekventni se nadzor rije¢nog
toka i zamucenosti/SSC-a pokazuju najvaznijim za
otkrivanje i uklanjanje nepozeljnih razina onecisce-
nja sedimentom i njegova utjecaja na ekosustave. U
idealnom slucaju pristup valja primijeniti osmisljava-
njem visestrukih studija utjecaja prije i nakon nadzo-

ra (Before-After-Control-Impact, nBACI).
Prednosti okvira FSIA-e jesu:

* temelji se na hidroloskim, geomorfoloskim i hi-
droekoloskim procesima, pa omogucéuje rano ot-
krivanje utjecaja sedimenta

¢ izri¢ito prihvaca veliku vremensku dinamiku
specifi¢nu za SSC i njegov nadzor

* ukljucuje eksplicitne referencije na ekoloske re-
ceptore

* slijedi opceprihvacene protokole bionadzora
kada je izravni nadzor otezan

* djelatan je i prakti¢an, a ne samo jednostavan or-
ganizacijski ili koncepcijski

* poti¢e multidisciplinarnost i medudisciplinar-
nost

* utemeljen je na velikom iskustvu procjene utje-
caja opseznih gradevinskih projekata na rije¢nim
sustavima u Ujedinjenom Kraljevstvu, Islandu,
Azerbajdzanu, Gruziji i Rusiji, gdje su ispitani
dijelovi pristupa, medu njima i oni za procjene
utjecaja na okolis i drustvo (ESIA).

Opisani novi okvir namece zakljucak da postoji
znatan potencijal za kvalitetniju i strozu procjenu
stanja rije¢nog sedimenta prije, tijekom i nakon
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